Objective: To compare the rates of acute lower respiratory tract infection (ALRI) among children in north-west Queensland, according to age, sex and Indigenous status.
A cute lower respiratory tract infections (ALRIs) are a major cause of paediatric morbidity in regional Australia, particularly among Indigenous children, but there is a "dearth of data on aeti ology and epidemiology . . . at the community level". 1 Rates in the Northern Territory are reported to be among the highest in the world, 2 and similar rates have been suspected in neighbouring north-west Queensland. Mt Isa is a mining town in north-west Queensland with a base hospital that serves around 35 000 people, of whom 19% are Indigenous. Its responsibility extends over an area of 380 000 square kilometres to include several smaller hospitals and health centres generally regarded as remote area services. 3 The epidemiology and features of paediatric ALRI in these remote communities have not been quantifi ed previously. We aimed to redress this defi ciency by reviewing admissions to Mt Isa Base Hospital of children with a diagnosis of bronchiolitis, pneumonia and bronchiectasis.
Methods
We conducted a retrospective review of all children < 15 years of age admitted to Mt Isa Base Hospital from 1 January 2007 to 31 December 2011. International Classifi cation of Diseases 10th revision, Australian modifi cation classifi cations J10-J22 and J47 were used to identify all episodes of ALRI or bronchiectasis. Clinical, laboratory and radiological information in patients' medical charts was examined to confi rm or reassign the diagnosis.
Bronchiolitis was defi ned as an acute lower respiratory tract infection in a child aged younger than 2 years with prior upper respiratory tract infection and signs of crepitations or wheeze. Pneumonia was defi ned as an acute febrile illness with respiratory symptoms and signs, associated with radiographically confi rmed consolidation. Bronchiectasis was defi ned by chronic cough, repeated chest infections and abnormalities seen on high-resolution computerised tomography scans. 4 Indigenous status was declared by a parent or guardian on admission papers. Yearly and average annual hospitalisation rates were calculated using Australian Bureau of Statistics (ABS) data drawn from the 2006 and 2011 national censuses and categorised according to single age in years (0-14 years), Indigenous status and residence in the postcodes served by Mt Isa Base Hospital, including 4824, 4825, 4829, 4830 and 4890. 5 Populations between census years (2007-2010) were extrapolated from the available ABS data. We calculated hospitalisation rates and 95% confi dence intervals using Poisson distribution. Data were analysed using SPSS version 21.0 (IBM). The study was approved by the hospital ethics committee as a quality audit.
Results
Overall, there were 356 admissions for ALRI, involving 276 children. Of the 162 children aged less than 1 year, 125 (77.2%) were Indigenous. Indigenous status could not be obtained for six admissions (1.7%). Average annual hospitalisation rates by age group were fi ve to eight times higher for Indigenous children than non-Indigenous children, with an overall rate of 24.1 per 1000 (95% CI, 17.9-31.3) for Indigenous children and 4.5 per 1000 (95% CI, 2.6-7.2) for non-Indi genous children (Box 1). Hospitalisation rates were highest for children under 12 months of age, and decreased with increasing age.
Multiple admissions were common. One child was admitted eight times; one was admitted seven times; three were admitted six times; fi ve, four times; six, three times; and 31 children were admitted twice. There were no deaths.
The number of admissions for ALRI increased over the study period (Box 2), with rates increasing from 8. Multiple admissions were common. One child was admitted six times; two were admitted four times; one, three times; and 17 children were admitted twice. All were Indigenous except for two non-Indigenous children who were admitted twice.
Hospitalisations for pneumonia rose annually from 3.8 per 1000 (95% CI, 2.5-6.0 per 1000) in 2007 to 9.2 per 1000 (95% CI, 7.1-11.8 per 1000) in 2011 (Box 3). There were no statistically signifi cant differences between average age at admission (3.99 v 3.85 years) and duration of stay (4.89 v 3.86 days) for Indigenous compared with non-Indigenous children, respectively. Sixty-three children (32%) lived in communities distant from Mt Isa.
Vomiting, abdominal pain and diarrhoea, associated with fever and toxicity, were major signs in 66 presentations (33.8%). Blood was cultured during 159 hospitalisations (81.5%). Bacteria were isolated from 19 of these specimens (11.9%), of which 17 were from Indigenous children. Six Streptococcus pneumoniae species and two Haemophilus infl uenzae species were identifi ed. The remainder were Staphylococcus species.
The ages of the children with pneumo coccal disease were 5 months, 27 months (two children), 35 months, 7 years 4 months, and 9 years 2 months. Vaccination records showed that the 5-month-old infant had received two doses of 7-valent pneumococcal conjugate vaccine (7vPCV) and the other fi ve children had received appropriate 7vPCV, and 23-valent pneumo coccal polysaccharide vaccine (23vPPV) at 18 months of age. Pneumococcal serotypes identifi ed in the children included 1, 9N, 12F, 33F and 38.
Indigenous children had significantly lower haemoglobin (Hb) levels but signifi cantly higher white-cell counts (WCC) and elevated levels of C-reactive protein (CRP) than non-Indigenous children (Box 4). Of the Indigenous children, 26.3% (40/152) were anaemic (Hb < 105 g/L) compared with only 7.0% (3/43) of non-Indigenous children. Raised WCC was not as sensitive an index of pneumonia as raised CRP. In 38 children, of whom 34 were Indigenous, CRP level exceeded 200 mg/L but in one-third of these the WCC was not elevated.
Bronchiolitis
There were 160 episodes of hospitalisation for bronchiolitis involving 119 children, of whom 66.4% (79) were Indigenous, accounting for 71.3% of admissions. One hundred and twentyeight admissions (80.0%) involved children aged < 12 months. The average Boys were more commonly affected in both groups. Twenty-three children were admitted more than once; all were Indigenous. One child was admitted six times; two were admitted fi ve times; one, four times; three, three times; and 16 children were admitted twice. There was no signifi cant change in incidence in the study years.
Bronchiectasis
Seven children were shown to have bronchiectasis. All were Indigenous; four were boys; three children lived in Mt Isa but were known to spend considerable time in outlying communities; and four were from distant places including Doomadgee and Mornington Island. The median age at fi rst presentation with a respiratory illness was 6 months (range, 1-13 months). The mean age at diagnosis of bronchiectasis was 5.9 months (SD, 3.7 months). Before diagnosis, the average number of presentations to hospital was 5.9 (SD, 6.57) and average number of admissions was 3.0 (SD, 1.91). The average annual hospitalisation rate was 4.1 per 1000 (95% CI, 1.0-10.1 per 1000) among children aged less than 24 months. No immediate genetic links were identifi ed. Comorbidities were common. Five of the children had a past history of weight remaining around the third percentile throughout their lives; two had reached the 10th percentile. Four had been born prematurely and one was small for gestational age at birth. In the past, one child had been hospitalised with osteomyelitis; two with bacterial meningitis; one with marasmus; and three with gastroenteritis.
Discussion
Our study provides evidence that ALRI is a major, increasing health burden in north-west Queensland, especially among Indigenous children, whose overall hospital admission rate for ALRIs was more than fi ve times the rate for non-Indigenous children. Bronchiectasis was shown to be relatively common but only present in Indigenous children. In Mt Isa, this discrepancy (a 7.0 times greater average annual rate among Indigenous children) was twice as high as that reported elsewhere in Australia (a 3.2 times greater rate among Indigenous children 6 ).
The annual admission rates for Indigenous children with ALRI in Mt Isa are similar to those reported for the Northern Territory, where rates of pneumonia in children < 1 year of age are declared to be among the highest in the world. 2 Rates in the Northern Territory have been shown to be 57.5 per 1000 for children aged < 1 year, 38.3 per 1000 for those aged 12 to 23 months, and 13.3 per 1000 for those aged 24 to 59 months, compared with respective rates for children in Mt Isa of 39.4, 33.7 and 21.6 per 1000. The percentage of admissions for ALRI due to pneumonia was higher in Mt Isa (54%) than in Alice Springs (20%), and the rates for ALRI are increasing annually in north-west Queensland, whereas they appear to be stable in Alice Springs and to be decreasing in Western Australia. 7 Our study showed that the presentation of pneumonia might not be straightforward. In one-third of presentations, gastrointestinal disease was considered the primary diagnosis because of abdominal pain, vomiting and diarrhoea. Pneumonia was revealed coincidentally on x-ray or in the search for the cause of associated tachypnoea and cough. Gastrointestinal symptoms are known to be common with pneumonia, but it is uncommon for them to constitute the admitting diagnosis, 8 although this might refl ect inexperience among junior staff.
Streptococcus pneumoniae was isolated from blood from only six Indigenous children, but it is known that rates of pneumonia due to that organism are much higher than indicated by blood culture results. 9 Vaccination records showed that all of these children had received 7vPCV; however, none of their infecting serotypes were included in that vaccine. Five had received appropriate 23vPPV as well as 7vPCV. Of these fi ve, four were infected by serotypes included in 23vPPV (1, 9N and 33F), confi rming reduced immunogenicity of this polysaccharide vaccine. 10 10 Only one of these infecting serotypes (serotype 1) is included in the 13-valent PCV that has been dispensed in Australia since July 2011. This confi rms the importance of considering invasive pneu mococcal disease in any sick Indigenous child, regardless of vaccination status. Raised CRP appears to be a more sensitive test than raised WCC. Indeed, in one-third of patients with pneu monia and a very high CRP, the WCC was not elevated.
The rates of hospitalisation for bronchiolitis in Mt Isa for Indigenous children (71.3 per 1000 population per year) and for non-Indigenous children (14.7 per 1000 per year) were lower than the overall rate in Alice Springs (190 per 1000), 11 11 but mildly affected children may have remained in distant communities around the Gulf of Carpentaria. In any case, Indigenous rates were similar to those reported for coastal Darwin 12 12 and Townsville, 13 13 and for indigenous populations in the United States. 14 14 The ages of fi rst admission, repetitions of admission, lengths of stay and predominance of bronchiolitis were also similar to Darwin 12 12 and Townsville. 13 13 Unlike in Central and Western Australia, 15 15 the rate of bronchiolitis does not appear to be increasing in Mt Isa.
The prevalence of reported bronchiectasis among children in Mt Isa is lower than that reported for Alice Springs 13 13 (4.1 per 1000 per year v 14.7 per 1000 per year), but both far exceed the prevalence of cystic fi brosis in nonIndigenous children (0.035 per 1000). 16 16 Findings regarding the characteristics of preceding respiratory disease were similar in Mt Isa and Alice Springs: early onset of multiple presentations and hospitalisations, and association with undernutrition and anaemia, premature birth and likelihood of living far from the city. 7 Why Indigenous children are predisposed to ALRI and chronic bronchiectasis remains unknown. Possibilities include prematurity and intrauterine growth restriction, undernutrition, exposure to cigarette smoke, aspiration of infected nasopharyngeal secretions and social factors of overcrowded living conditions, poor hygiene and lack of access to medical care. Many of the children are members of common extended families, raising the question of the role of inherited polymorphisms in genes involved in immunity or infl ammation. Such polymorphisms have been reported for certain racial groups. 17 17 Indigenous Australians have a common gene polymorphism that leads to low serum levels of the anti-infl ammatory cytokine interleukin-10 in those who smoke, 18 18 invoking a mechanism for the adverse respiratory consequences associated with smoking.
Our retrospective study has the standard weakness of not being able to differentiate viral from bacterial disease on clinical and radiological grounds, especially on retrospective analysis. Also, we did not personally review each x-ray in accordance with the World Health Organization recommendations for end point diagnosis of pneumonia. 19 19 We accepted the radiologists' reports: if consolidation was reported we diagnosed pneumonia unless the clinical picture and the isolation of virus demanded categorisation as bronchiolitis. Given that viral bronchiolitis may cause consolidation, we may have overestimated the incidence of pneumonia at the expense of bronchiolitis. Conversely, had we relied on the WHO defi nition, we may have underestimated the incidence of bacterial pneumonia in favour of bronchiolitis. 20 20 Overall, we would have underestimated the incidence of ALRI in Mt Isa because some children would have remained in outlying centres and others would have been transported directly to Townsville for intensive care.
In conclusion, given the rise of ALRI in north-west Queensland, the Indigenous health gap is widening despite national aspirations to close it. More attention needs to be paid to this distant region.
